ABSTRACf: A series of metal-impregnated alumina samples were prepared by the incipient wetness impregnation technique. The surface areas of the powdered samples (At and ABET) were determined by the two most common methods, i.e. the Langmuir method and the BET method.The adsorbates used were methanol, ethanol, I-propanol and n-butanol (n-aliphatic alcohols) which were designated C 1
INTRODUCTION
A knowledge of the surface area of powdered solids is of scientific and technological importance. Consequently, much interest has been shown in this field of research and a wide range of methods has been employed, of which the two most common, i.e. the Langmuir method and the BET method, have been used to calculate the surface areas of powdered solids (Rahman et al. 1982 ) such as alumina, silica, carbon, etc.
Alumina is commonly used as a catalyst or a catalyst support. It has a large surface area and adsorption capacity and is extensively employed to remove toxic and health-hazardous particles and ions from gases and solutions. The importance of alumina as a support, catalyst or adsorbent has been widely recognized. As an adsorbent or co-catalyst, it is used in many catalytic processes of industrial importance (Afzal et al. 1991; Saleem et al. 1992 Saleem et al. , 1994 . Alumina is a porous material and its porous structure plays an important role in adsorption and catalytic processes. It is used commercially in adsorption chromatography. In physical adsorption, especially at high relative pressure, the behaviour and amount of adsorbate to be adsorbed depend upon the pore structure. Hence, the extent of adsorption is directly related to the size and shape of the pores in addition to other factors (Afzal et al. 1987 (Afzal et al. , 1993 .
The efficiency of alumina as an adsorbent is based on its physical adsorption capacity (Afzal et al. 1987 (Afzal et al. , 1993 , which in turn depends on its porosity, on the intrinsic properties of the parent material, on its structure and on the surface properties of the adsorbent itself. In order to improve the efficiency of alumina as an adsorbent, it is doped with certain metals such as Cr, Mn, Fe and Co, and as a result a new surface is created. The thermodynamic and kinetic properties of this new surface are quite different from those of the parent alumina. The metals used for doping are also generally found to be effective adsorbents, on which not only adsorption but also chemical reactions and the catalytic decomposition of different gases can take place (Busca et al. 1985) .
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The object of the present investigation was the study of the surface properties of y-alumina loaded with transition metals (Cr, Mn, Fe and Co) through measurements of the adsorption of n-aliphatic alcohols (C 1 -C 4 ) and analysis of the sorption isotherms so obtained, and thereby to calculate the surface areas of different metal-loaded alumina samples. The adsorption of nitrogen was also studied in order to provide more information on the surface properties of the impregnated alumina samples. In addition, the nature of the parent oxide material and ofthe impregnated alumina samples was investigated by thermogravimetric analysis, differential thermogravimetric analysis and X-ray diffraction methods.
EXPERIMENTAL Materials
Alumina was supplied by F1uka (item # 06290), chromium chloride (item # 2487) and ferric chloride (item # 3943) were supplied by Merck while manganese chloride (item # 63543) and cobalt chloride (item # 60820) were supplied by F1uka. All these compounds had purities better than 99%.
Preparation of adsorbents
For the preparation of metal-impregnated alumina samples (Afzal et at. 1992a,b) , a pre-determined amount of metal chloride was stirred magnetically in 200 ml of doubly distilled water and 20 g of alumina added to the mixture. The mixture was stirred for ca. 8 hat 373 K until a slurry was formed. The excess solution was then driven off via a vacuum desiccator connected to a suction pump. The resulting samples were dried at 373 K for 3 h. A blank alumina sample was also prepared by the same treatment except that distilled water was used in place of the metal chloride solution. For each metal, two samples of different concentration were prepared. A summary of the samples whose preparation was attempted and the composition of the doped materials obtained is given in Table 1 .
The metal-impregnated alumina samples were designated by the formula M,-AIP3' where M stands for Cr, Mn, Fe and Co and x represents the number of moles of metal per 100 g of alumina. In order to measure the metal concentration, 1 g of the sample was thoroughly stirred with nitric acid solution for 4 h at room temperature. The mixture was then filtered and the residue treated once more with nitric acid solution. This procedure was repeated four times. After extraction, the solution was made up to the required volume with deionized water. The total amount of metal in the solution was then determined by atomic absorption spectrophotometry (Shimadzu AA-670 model instrument).
Adsorption isotherm measurements
In the present work, adsorption experiments with C,-C 4 were carried out on the parent y-alumina and on the metal-impregnated alumina samples. Adsorption isotherms were obtained on Cahn-1000 electrobalance connected to a vacuum line at temperatures in the range 273-313 K. Prior to the measurement of each adsorption isotherm, the alumina samples were evacuated for I h at constant temperature. The resulting adsorption isotherms were analyzed by use of the Langmuir and BET isotherm equations (see below) which allowed a value of the monolayer capacity (vm) to be obtained in each case. The resulting vmvalues were used to calculate the surface areas of the impregnated alumina samples on the basis of both the Langmuir method and the BET method.
RESULTS AND DISCUSSION

Application of the Langmuir and BET theories to the adsorption of n-aliphatic alcohols
The Langmuir theory
The surface areas of the alumina samples were determined via the Langmuir equation (Kittsley 1969; Gregg and Sing 1982) which in its simplified form may be written as:
Since the equation is linear, it follows that when P/(x/m) is plotted against P, a straight line is obtained of slope b/a and intercept l/a. The slope allows the value of vmto be calculated (since vm is the inverse of the slope) and hence the surface area.
The BET theorv
Surface area values may also be calculated from adsorption isotherms by means of the BrunauerEmmett-Teller (BET) equation (Halsey 1948; Brunauer 1943; Hill 1946 Hill , 1947 Cassel 1944; Sing et al. 1985) . In its simplified form, this equation may be written as:
where v =volume adsorbed at the measured pressure P vm= volume adsorbed in the monolayer P =adsorbate (gas) pressure P" =saturation pressure of the adsorbate c = constant related to the heat of adsorption and the heat of condensation of the adsorbate.
Since the equation is linear, it has been applied to each adsorption isotherm by plotting P/v(PO -P) against pfpo with vmand c being calculated from the slope and intercept of the resulting straight line. The straight line region in such plots was restricted to a limited range of relative pressures for the n-aliphatic alcohol isotherms, i.e. 0.05 < pfpo < 0.4.
In calculating the surface area of the powdered solids from the monolayer capacity, many workers (Horvat and Sing 1961; Brunaueret at. 1937; Livington 1949) have assumed that the packing of the molecules in the adsorbed layer is nearly the same as in the liquid adsorbate. If this is true, it means that the area per adsorbed molecule, am' may be written as:
where F is a packing factor (equal to 1.091), M is the molecular weight, N is Avogadro's number, p is the density of the liquid adsorbate and am is the area which is occupied by one adsorbed molecule in the monolayer. Once vmand am are known, the specific surface area (in m 2/g) may be evaluated by using the expression: (4) Values of the specific surface areas calculated from the adsorption isotherms of n-aliphatic alcohols (C I -C 4 ) on metal-doped alumina samples via the Langmuir and BET equations are summarized in Tables 2-10.  Table 2 lists surface area measurements made on parent alumina. The data listed in columns 6 and 8 show that A L and ABET of the adsorbent occupied by the adsorbate molecules decreased in the sequence C 1 to C 4 . This decrease in A L and ABET may be attributed to the size of the adsorbate molecule which increases in the sequence C 1 to C 4
• It may also be argued that larger adsorbate molecules may have less or even no accessibility to all the adsorbent pores although the same solid (adsorbent) surface is available for adsorption. Thus, the sizes of most of the pores present in alumina should make them accessible to C I molecules but not to their C 4 counterparts. This is the reason why the area values," and ABET' of the alumina sample accessible to C 1 molecules at 293 K are 209.09 m 2/g and 132.54 m 2/g, respectively, while the A L and ABET values for the same sample accessible to C 4 molecules at 293 K are 80.01 m 2/g and 37.04 m 2/g, respectively. In summary, it may be concluded that the amount of adsorbate vmnecessary to cover the surface of the adsorbent with a monomolecular layer decreases in going from C I to C 4 , thus leading to a decrease in the surface area determined by the Langmuir as well as the BET method. The variation of A L and ABET for C I , C 2 , C 3 and C 4 with temperature follows exactly the same trend. Thus, the A L and ABET values for Cion pure alumina at 273 K were 322.80 m 2/g and 151.97 m 2/g, respectively, decreasing to 109.20 m 2/g and 56.53 m 2/g, respectively, at 313 K. As shown in Table 2 , the same trend was observed for the sequence C 2 to C 4
• The extent to which A L and ABET decrease also depends on the values assigned to the molecular area (am) of the adsorbate (Horvat and Sing 1961; Mikhail et at. 1970; Kippling and Wilson 1960) . Tables 3 and 4 list the areas measured on metal-doped alumina samples of lower and higher concentrations of chromium metal, respectively. The data show that A L and ABET of the alumina decreased with increasing amounts of the metal dopant. This indicates that the metals used for doping did not contribute any extra surface area to the alumina. The decrease in surface area with increasing amounts of the metal may be due to the dispersion of metal residues on the surface of the alumina and to different degrees of dispersion associated with the properties of the dopant (Afzal et at. 1992a-c) . Since the data for surface area have been reported in m 2/g of adsorbent, one would expect a gradual dropping off in the area as the concentration of chromium was increased, because chromium contributed to the weight of the sample and probably had a much lower area than an equivalent weight of alumina. This suggests that more and more of the alumina area was covered as the concentration of chromium increased. Hence, it may be concluded that the area of the adsorbent occupied by C4 molecules was less than for C J molecules which in turn was less than for C 2 'and C 1 molecules, i.e. in terms of area occupied C 4 < C J < C 2 < Ct' Tables 5 and 6 summarize the data for manganese-doped alumina samples of lower and higher concentration, respectively. It is evident from the data that an increase in the manganese concentration caused a decrease in surface area. This decrease may be associated with spreading of the aggregate on the surface. The A L and ABET of the adsorbent covered with the adsorbate also decreased as discussed above for the case of chromium. . Tables 7-10 provide a summary of the results obtained for the iron-and cobalt-doped alumina samples of lower and higher concentration, respectively. The data indicate that these metals behaved in a similar fashion to chromium and manganese. The decrease in the surface area varied from metal to metal but this effect was not pronounced nor appreciable. Comparison of the values for the the adsorption of C 1 to C 4 molecules shows that the different numbers of molecules of each adsorbate held in the Langmuir and BET monolayers are responsible for the changes observed in the surface areas measured.
